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Remarks 

In view of the above amendments and the following remarks, reconsideration of 
the outstanding office action is respectfully requested. 

Claims 28-31, 33, 34, 49 and 50 are currently pending. Claims 28 and 50 have 
been amended and new claim 5 1 has been added. Support for the amendments to claims 28 and 
50 is found on pg. 23, lines 2-8 of the specification. Support for new claim 51 is found on pg. 
24, lines 5-14 of the specification. Accordingly, no new matter has been introduced by way of 
the above amendments. 

The objection to the specification under 35 U.S.C. § 132(a) for new matter is 
respectfully traversed. In the amendment filed on October 28, 2009, applicants amended the 
paragraph beginning at pg. 23, line 25 of the specification, to delete reference to Figure 3 as 
listing the essential HSV-1 genes. The United States Patent and Trademark Office ("PTO") 
asserts that this amendment introduces new matter by broadening the scope of essential HSV-1 
genes disclosed. Applicants respectfully disagree for the reasons set forth below. 

Firstly, the reference to Figure 3 was an error, and one of skill in the art would 
have immediately recognized this error because Figure 3 does not contain a list of the essential 
HSV-1 genes, but rather Figure 3 is a graph depicting the antibody response in mice following 
HSV-AP amplicon delivery. That this is an error is quite apparent, and a person of skill in the art 
would have fully appreciated as much. Therefore, by deleting reference to Figure 3, applicants 
have not broadened the scope of the disclosure. 

Despite the error, however, the specification provides more than adequate 
guidance for one of skill in the art to appreciate and understand the scope of "essential HSV-1 
genes" and what genes are encompassed by the phrase. For example, the paragraph beginning 
on pg. 23, line 25, defines "essential HSV genes" as genes that encode polypeptides that are 
necessary for replication of the amplicon vector and structural assembly of the amplicon 
particles. These essential HSV genes were known in the art at the time the application was filed 
as indicated by Roizman B., "The Function of Herpes Simplex Virus Genes: A Primer for 
Genetic Engineering of Novel Vectors," Proc. Natl. Acad. Sci. 93:1 1307-1 1312 (1996) 
("Roizman") (attached hereto as Exhibit 1). Roizman summarizes the genome structure and 
gene content of HSV-1, noting that 38 of the 83 open reading frames specifying diverse proteins 
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cannot be deleted without ablating the capacity of the virus to replicate (see Roizman at pg. 
11310, col. 1, para. 2). Table 1 of Roizman lists the HSV-1 genes, gene products, and function, 
and identifies whether a particular gene product is dispensable in cell culture (i.e., whether the 
gene product is required for viral replication). In accordance with the Manual of Patent 
Examining Procedure (MPEP) § 2163 (II)(A)(2), "[information which is well known in the art 
need not be described in the specification." In fact, the specification preferably omits that which 
is well-known to those skilled in the art and already available to the public (see Hybritech, Inc. v. 
Monoclonal Antibodies, Inc., 802 F.2d 1367, 1384 (Fed. Cir. 1986)). 

Therefore, although reference to Figure 3 as containing a list of the essential 
HSV-1 genes was an error, the specification (without reference to Figure 3) provides adequate 
written description of "essential HSV gene" such that one of skill in the art would readily 
understand which genes are encompassed by the term. Accordingly, applicants submit that the 
objection to the specification under 35 U.S.C. § 132(a) is improper and should be withdrawn. 

The rejection of claims 28-31, 33, 34, 49, and 50 under 35 U.S.C. § 1 12 (second 
paragraph) for indefiniteness is respectfully traversed. The PTO asserts that in view of 
applicants' previous response, the recitation of "one or more vectors that, individually or 
collectively, encode all essential HSV genes" in claim 28 is indefinite in scope, i.e., it is unclear 
which genes are the essential HSV genes. Applicants respectfully disagree. As set forth above, 
the specification provides more than adequate guidance for one of skill in the art to appreciate 
and understand what genes are encompassed by "essential HSV-1 genes." Therefore, the 
rejection of claims 28-31, 33, 34, 49, and 50 is improper and should be withdrawn. 

The rejection of claims 28-31, 33, 34, 49, and 50 under 35 U.S.C. § 1 12 (first 
paragraph) for containing new matter is respectfully traversed. The PTO contends that the 
recitation of "encoding all essential HSV genes" in claim 28 is new matter in view of applicants' 
previous amendment to the specification. Applicants respectfully disagree. As set forth above, 
the specification of the present application more than adequately describes the scope of the 
phrase "essential HSV-1 genes" such that one of skill in the art would readily appreciate what 
genes are encompassed by this phrase. Accordingly, the rejection of claims 28-31, 33, 34, 49, 
and 50 for containing new matter is improper and should be withdrawn. 

The rejection of claims 28-31, 33, 34, 49, and 50 under 35 U.S.C. § 103 for 
obviousness over U.S. Patent No. 7,014,855 to Schenk ("Schenk '855") in view of U.S. Patent 
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No. 6,972,127 to Schenk ("Schenk '127"), U.S. Patent No. 6,946,135 to Schenk ("Schenk 
'135"), Stavropoulos and Strathdee, "An Enhanced Packaging System for Helper-Dependent 
Herpes Simplex Virus Vectors," J Virol. 72(9):7137-43 (1998) ("Stavropoulos"), Saeki et al., 
"Herpes Simplex Virus Type 1 DNA Amplified as Bacterial Artificial Chromosome in 
Escherichia coli: Rescue of Replication-Competent Virus Progeny and Packaging of Amplicon 
Vectors," Human Gene Therapy 9:2787-94 (1998) ("Saeki"), and Town et al., "Reduced Thl 
and Enhanced Th2 Immunity After Immunization with Alzheimer's p-Amyloidi^,"^ 
Neuroimmunology 132:49-59 (2002) ("Town") is respectfully traversed. 

Schenk '855 discloses methods of preventing or treating a disease characterized 
by amyloid deposition in a patient that involve inducing an immune response to a peptide 
component of the amyloid deposit. The methods of Schenk '855 involve both active induction of 
the immune response by administration of an amyloid-P (A0) immunogen and passive induction 
by administration of an antibody or antibody fragment specific for Ap. 

Schenk '127 similarly discloses methods of preventing or treating a disease 
characterized by amyloid deposition. Schenk '127 has apparently been cited for teaching that an 
immunogenic Ap peptide can be delivered via a viral vaccine, and that HSV viral vectors are one 
of many suitable vectors for such delivery. 

Schenk '135 also relates to methods of preventing or treating a disease 
characterized by amyloid deposition. Schenk '135 has apparently been cited for teaching that the 
AP peptide immunogen can be linked to a suitable carrier molecule to help elicit an immune 
response, Suitable carrier molecules disclosed by Schenk ' 1 35 include keyhole limpet 
hemocyanin and tetanus toxoid. 

Stavropoulos describes the development of a second-generation packaging system 
for HSV amplicons. This system involves providing a single HSV bacterial artificial 
chromosome (BAC) containing the five overlapping HSV-1 cosmid clones encoding the 
complete wild-type HSV genome. The BAC also includes a pac cassette inserted at a BamHl 
site located within the U L 4I gene sequence, which encodes the virion host shutoff (vhs) protein. 
This insertion disrupts vhs protein expression. 

Saeki describes another approach to HSV packaging that involves cloning the 
HSV-1 genome as an F plasmid based BAC in E. coli. Saeki demonstrates that the plasmid 
containing the HSV-1 genome, deleted for the pac signals, does not generate replication- 
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competent progeny virus upon transfection into mammalian cells, but rather, was able to support 
the packaging of co-transfected amplicon DNA that contained a functional pac signal. 

Town characterizes the Thl and Th2 immune response following Apn 2 and ApV 
40 peptide immunization in wildtype and an Alzheimer's disease mouse model. Town has been 
cited by the PTO for disclosing that an enhanced Th2 response and reduced Thl response are 
observed following immune challenge with the Api _4 2 peptide. 

The PTO asserts that it would have been obvious to produce the HSV vectors of 
Schenk for the delivery of a gene encoding Af> and a gene encoding keyhole limpet hemocyanin 
using the helper-virus free methods of Stavropoulos and Saeki, and to deliver the resulting HSV 
amplicons to treat Alzheimer's disease. Applicants respectfully disagree. 

Neither Stavropoulos nor Saeki teach a method of HSV amplicon particle 
production that involves co-transfecting a cell with (a) an amplicon plasmid comprising an HSV 
origin of replication, an HSV cleavage/packaging signal, and a heterologous transgene, (b) one 
or more vectors individually or collectively encoding all essential HSV genes but excluding all 
cleavage/packaging signals and (c) a nucleic acid encoding an accessory protein as recited in 
claim 28. "Co-transfection" refers to the simultaneous transfection of two or more physically 
unlinked DNA fragments into eukaryotic target cells {see Dorland's Medical Dictionary entry for 
"cotransfection" attached hereto as Exhibit 2). Therefore, in accordance with the method of 
claim 28, the (a) amplicon plasmid, (b) one or more vectors individually or collectively encoding 
all essential HSV genes, and the (c) nucleic acid encoding an accessory protein are separate, 
physically unlinked nucleic acid molecules that are delivered to a cell via co-transfection. 
Despite the PTO's contention that Stavropoulos and Saeki each teach the delivery of amplicons 
containing nucleic acid sequences encoding accessory proteins (office action at pg. 6), the 
nucleic acids referred to (i.e., the antibiotic resistance gene for ampicillin) are a part of the HSV 
amplicons, and are not separate and distinct from the amplicon vectors. Therefore, neither 
Stavropoulos nor Saeki teach a method that involves the "co-transfection of a nucleic acid 
encoding an accessory protein." None of the cited art, let alone the combination suggests this 
feature of the claimed invention. 

New claim 52 is also non-obvious in view of the combination of cited references. 
Neither Stavropoulos nor Saeki teach a method of HSV amplicon particle production that 
involves providing a cell expressing an accessory protein, where the accessory protein comprises 



13045301 I 



Serial No. 10/578,561 

-8- 

a virion host shut-off (vhs) protein, and co-transfecting that cell with (a) an amplicon plasmid 
comprising an HSV origin of replication, an HSV cleavage/packaging signal, and a heterologous 
transgene, and (b) one or more vectors individually or collectively encoding all essential HSV 
genes but excluding all cleavage/packaging signals. 

In view of the forgoing, applicants submit that the rejection of claims 28-3 1,33, 
34, 49 and 50 for obviousness over the combination of Schenk '855, Schenk '127, Schenk '135, 
Stavropoulos, Saeki, and Town is improper and should be withdrawn. 

The rejection of claims 28-31 , 33, 34, 49 and 50 under 35 U.S.C. § 103 for 
obviousness over Schenk '855, Schenk '127, Schenk '135, Stavropoulos, Saeki, Town, and 
further in view of Whitley et al., "Herpes Simplex Viruses," Clin Infect Dis 26:541-55 (1998) 
("Whitley") is respectfully traversed. 

The PTO, acknowledging that neither Stavropoulos nor Saeki teach that a nucleic 
acid encoding vhs is explicitly included in their respective systems to produce HSV amplicons, 
has apparently cited Whitley for this reason. Whitley is a review article of HSV infection and 
related disease. Whitley teaches that vhs, the product of the Ui41 gene, plays an important role 
in viral infections by inducing an RNA activity which degrades all mRNA. From this, the PTO 
concludes that a skilled artisan would have been motivated to provide a nucleic acid sequence 
encoding vhs to enhance HSV amplicon production in cells. Applicants respectfully disagree. 

Whitley fails to teach or suggest that vhs would have any effect on amplicon 
production or titer in a helper-virus free system of amplicon production. Moreover, 
Stavropoulos teaches a method of viral packaging that explicitly involves disrupting vhs protein 
production to eliminate its potentially toxic function as a means of enhancing the survival of the 
transduced cells {see Stavropoulos at pg. 7139, col. 2, para. 3). Therefore, applicants submit that 
the combination of cited references teaches away from providing vhs as an accessory protein to 
enhance HSV amplicon particle production. 

Further, Whitely fails to overcome the above-noted deficiency of the combination 
of Schenk '855, Schenk '127, Schenk '135, Stavropoulos, Saeki, and Town. 

Accordingly, the rejection of claims 28-31, 33, 34, 49 and 50 for obviousness 
over Schenk '855, Schenk '127, Schenk '135, Stavropoulos, Saeki, Town, and further in view of 
Whitley, is improper and should be withdrawn. 



Serial No. 10/578,561 

-9- 

In view of all of the foregoing, applicant submits that this case is in condition for 
allowance and such allowance is earnestly solicited. 

Respectfully submitted, 
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Colloquium Paper 

This paper was presented at a colloquium entitled "Genetic Engineering of Viruses and of Virus Vectors, " organized by 
Bernard Roizman and Peter Palese (Co-chairs), held June 9-11, 1996, at the National Academy of Sciences in Irvine, CA. 

The function of herpes simplex virus genes: A primer for genetic 
engineering of novel vectors 

Bernard Roizman 

The Marjoric B. Kovler Viral Ontology Laboratories, The Univcnity of Chicago. 910 Ean SSlh Street. Chicago, It. 606J7 



ABSTRACT Herpes simplex virus rectors are being de- 
veloped Tor delivery and expression of human genes to the 
central nervous system, selective destruction of cancer cells, 
and as carriers for genes encoding antigens that induce 
protective immunity against infectious agents. Vectors con- 
structed to meet these objectives must differ from wild-type 
virus with respect to host range, reactivation from latency, and 
expression of viral genes. The vectors currently being devel- 
oped are (i) helper free amplicons, (U) replication defective 
viruses, and (iii) genetically engineered replication competent 
viruses with restricted host range. Whereas the former two 
types of vectors require stable, continuous cell lines expressing 
viral genes for their replication, the replication competent 
viruses will replicate on approved primary human cell strains. 



Herpes simplex viruses (HSV) and particularly HSV-1 are 
potential vectors for several applications in human health. 
These include (i) delivery and expression of human genes to 
central nervous system (CNS) cells, (u) selective destruction of 
cancer cells, and {iii) prophylaxis against infections with HSV 
and other infectious agents. The properties of wild-type virus 
are fundamentally antithetical to such applications. HSV-1 is 
highly destructive to infected cells. In addition, HSV-l is 
generally spread by contact of the tissues containing virus of 
one individual with mucous membranes of an uninfected 
individual. The virus multiplies at the portal of entry, infects 
sensory nerve endings innervating the site of multiplication, 
and is transported retrograde to the nucleus of sensory neu- 
rons. The sequence of events beyond this point are less well 
known. In experimental animal systems, the virus multiplies in 
some neurons but establishes a latent state in others. In a 
fraction of those infected, the virus periodically reactivates 
from latent state. In these neurons the newly replicated virus 
is transported anterograde, usually to a site at or near the 
portal of entry into the body, where it may cause a localized 
lesion. In iramunosuppressed individuals, the lesions caused 
both by initial infection and recrudescences tend to be more 
extensive and persist longer than in immunocompetent indi- 
viduals (reviewed in refs, 1 and 2). To serve as vectors, the viral 
genotype must be extensively altered to fit the objective of the 
vector. For example, to deliver and express human genes in the 
CNS, the desirable properties of HSV are its ability to establish 
latent infections and the huge coding capacity of the viral 
genome. The undesirable property is tie capacity of the virus 
to commit the cell to destruction very early in infection. For 
selective destruction of cancer cells, the desirable property is 
the capacity of the virus to destroy cells. The undesirable prop- 
erties are the wide host range of the wild-type virus and the 
capacity of the virus to reactivate from latent state. Each appli- 
cation therefore requires a different kind of vector and, in 
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Fio. 1. Sequence arrangement in HSV DNA and distribution of 
viral genes in the HSV genome. The filled quadrangles represent 
terminal sequence ab and ca inverted and repeated internally to yield 
b'a'c'. See ref. 1 and Table 1 for details of genome structure and gene 
function. The latency associated transcripts (LATs) map within in- 
verted repeats flanking Ul. 

principle, different kinds of genetic engineering. The purpose of 
this report is to summarize our knowledge of the molecular 
biology of HSV-1 relevant to experimental design of viral vectors. 

Genome Structure and Gene Content 

The genome structure and current gene content of HSV-1 are 
summarized in Fig. 1. Exclusive of the variable number of 
repeats of the terminal a sequence, the HSV-1 genome is 
approximately 152 kbp in size (3, 4). The genome consists of 
two long stretches of quasi-unique sequences, unique long 
sequence (Ul) and unique short sequence (Us), flanked by 
inverted repeats. Uj_ is flanked by the sequence ab and its 
inversion b'a', approximately 9 kbp each, whereas U s is 
flanked by the sequence a'c' and its inversion ca, 6.5 kbp each 
(5, 6). Thus, the HSV genome contains 15 kbp of DNA 
sequences (b'a'c'), which represent inverted repeats of termi- 
nal regions inserted between Ul and U s domains. The a 
sequence varies in size and may be present in multiple copies 
adjacent to the ba sequence, but only in a single copy at the 



Abbreviations: HSV-1, -2, herpes simplex virus 1 and 2; ICP, infected 
cell protein; gB, gC. gD, etc., glycoproteins B, C, D, etc.; U L , unique 
long sequence; Us, unique short sequence; LAT, latency associated 
transcripts; ORF, open reading frame; CNS, central nervous system. 
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Table 1. The function of herpes simplex virus genes 

Gene Product ir?ce^ru're Regulation Function of gene product 

H34.S ICP34.5 Y y, Null mutants are attenuated and fail to block phosphorylation of elFZa by 

activated protein kinase RNA-de pendent kinase: carboxyl terminus 

homologous to the corresponding domain of the OADD34 proteins. 
ORF-P ORF-P Y pie a ORF is antisense to the vi34_5 gene and repressed by binding of ICP4 to cap 

she. Proteins interact with p32, a component of SF2/ASF splicing factor. 
ORF-0 ORF-O Y pre a Overlaps with ORF P, a protein made by frameshift from ORF-P. 

aO ICPO Y a Promiscuous tranwetivator, requires ICP4 for optimal activity; 

nucleotidytylated, ph — <--l-—< >-•< ^ ,-~ ^ 

(late) phases. Null - 

Vtl gL N y Complex with gH re 



U L 23 
U L 24 

U L 26 



raraactivator, requires 1CP4 for optimal activity; 

rtated, phospnorylated by U L 13, nuclear (early) and cytoplasmic 

a. Null mutants debiUtatcd at low multiplicities of infection. 



nembrane and for viral er 



Nuclear phosphoprotein of unknown function. Reported to locali 

perinuclear region early and to the nucleus late in infection. 
Unknown. 

Forms complex with U L 8 and Ul52 proteins. 



UlS and U^^helicase/primast 



faction between primeis and DNA 
lo origins of DNA synthesis in seqt 



Myristoylated protein; necessary for efficient capsid envelopment and 

' se (DNase) involved in viral nucleic acid metabolism; reported to 
•n nucleoli and in viraliy induced nuclear dense bodies and to 
sequence along with other unidentified proteins. Complex may 
Ml m cleavage/packaging of viral DNA. 



Virion (nuclear) protein kinase; substrates include ICPO, ICP22, vhs, Ul3, 

U L 49, etc. 
Unknown. 

vo exons; protein required for cleavage/packaging of 



and cleavage/packaging of DNA. 




U07.1 7 Unkn 

Ul2& ICPI8.3 N r M, 87-95 K protein requircc 

U L 29 ICPS N 0 



. ^SmStvlii), VP24 (N 
self-cleavage of Ul26. 
Substrate of Ul26 protease unique to B capsids and forms inn 
scaffolding; the precursor, ICP35b,c is cleaved to e, f. On pt 
DNA it is removed from capsid shell. 
Glycoprotein required^for viral entry; forms a dhner ami indui 



Binds single-stranded DNA cooperatively, required for viral DNA 
replication: forms complex with DNA polymerase and Ui.42. a 
are DNA" and hence expression of early and late genes may be affecte 
positively or negatively by ICP8. Because 1CP8 denatures DNA, it affec 
renaturation of complementary strands of DNA and affects homologou: 
pairing and strand transfer. 
DNA polymerase; forms complex with ICP8 and C terminal 247 amino 
acids of U u 42. 

Nucleotidytylated phosphoprotein, cofractionatea with nuclear matrix. 
Cytoplasmk/nuclear protein required for DNA cleavage/packaging. 
DNA packaging; necessary for assembly of capsids containing DNA. 
Abundant nonglycosylated, 
phosphorylated by Us3. 
Basic phosphorylated capsid proteii 



„„..nt phosphoprotein. DNA is not released froc 
pores in cells infected with Is mutant. Reported to 
Mr 140 K protein that binds <r sequence DNA. 
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Function of gene product 



Cytoplasmic phosphoprotein; in presence of ICP8 it ii transported to 

nucleus and associates with DNA, but phosphorylation ii not dependent 

on ICP8- Required for maturation of virions. 
Capsid assembly protein, binds DNA and may be involved in anchoring 

DNA in the capsid. 
Large subunit of ribonucleotide reductase. Autophosphorylates via unique 

Nterminus but does not irant-phosphorylate. 
Small tubunit of ribonucleotide reductase. 

Causes nonspecific degradation of mRNA after infection; shuts off host 
protein synthesis, enables sequential synthesis of viral proteins. 

Double-stranded DNA-binding protein, binds to and increases processivity 
of DNA polymerase. 
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te the activity of U u 48 

. - „. r .._, - tyofUi.48 

(oTIF). 

Tegument protein, induce* a genes by interacting with Ocrl. The complex 

binds [o specific sequences with the consensus 

GyATGnTAATOAiATTCyTTGnGGQ-NC. 
Nucleotidylylaled, mono(ADP-ribosyl)aled tegument phosphoprotein. 
Sequence predicts a St, 12,1X10 membrane-associated protein. 
dUTPase. 
Unknown. 

Component of the helicase/primase complei. 
Glycoprotein required for efficient viral exocytosis; cc 
Nudeotidylylate< 
of snRNPs, In 



Nucleoiidylylsted, poly(ADP-ribOfyl)atcd phosphoprotein; regulates 
positively most p and y genes and negatively itself, ORF-P and the M 
gene; blocks apoptosls. Binds to DNA in sequence specific fashion. 

Nucteotidylylated regulatory protein, phosphorylated byUi.13 and Us3 
protein kinases, required for optimal expression of ICPO and of a subset 
of v proteins. 

Regulatory protein; extent to which it shares function with ICP22 not 
Unknown. 

«; major substrate is U u 34 protein. 

id from cell to cell, 
nt entry of virus into cells. 

gj and gE glycoproteins form complex for transport to plasma membrane 
and also to constitute a high-affinity Fc receptor, gl is required for 
basolaterel spread of virus in polarized ceils. 

FC receptor, involved in batolateral spread of virus in polarized cells. 

Tegument protein phosphorylated by U L 13. 
Tegument protein, 

Tczument Droiein binds to Ul34 mRNA in sequence- and 

"1c fashion; binds to the 60S ribosomal subunit and 



OrisTU is the transcriptional unit across the origin of DNAsy 



it. LATTU is the transcriptional unit expressed in latently 
re as follows: U L 10.5, ref. 7; Ul12.J, ref. 15; 
:d work); Ui.43.5, ref. 14; U s 1.5, 



is of the genome next to the c sequence and contains 
signals for cleavage of unit length DNA from concatemers and 
packaging of the DNA in preformed capsids (reviewed in ref. 
1). HSV-1 is known to express at least 84 different polypeptides 
whose open reading frames (ORFs) are distributed as indi- 



cated in Fig. 1 (refs. 4 and 7-15; P. L. Ward and B.R., 
unpublished data; Y. Chang, G. Campadelli-Fiume, and B.R., 
unpublished data). Of this number, Ave ORFs, mapping in the 
inverted repeats, are present in two copies per viral genome. 
In addition to the ORFs listed in Fig. 1, infected cells contain 
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transcripts from genome domains not known to specify pro- 
teins. These include the LATs discussed below and an RNA 
(OrisRNA) derived by transcription of the two of the three 
origins of viral DNA synthesis mapping in inverted repeats (16, 
17). The ORFs form several groups whose expression is 
coordinately regulated in a cascade fashion. The a genes are 
expressed first, functional a proteins are required for the 
expression of 0 genes, and both functional a proteins and viral 
DNA synthesis mediated by 0 proteins are required for (yj), 
or enhance (yi), the expression of late or y genes (18, 19). 
Whereas a proteins perform regulatory functions or prevent a 
host response to infection, the function of f3 proteins is the 
management of the nucleic acid metabolism and viral DNA 
synthesis in the infected cell, as well as posttranslational 
modification of proteins made earlier and later in infection. 
The y proteins are largely the structural components of the 
virions (reviewed in ref 1). 

Since 1982 (20, 21) techniques have been available to 
delete or insert DNA sequences at specific sites. These 
studies have revealed the existence of ORFs that are ex- 
pressed and the rather unexpected finding that 45 of the 83 
ORFs specifying diverse proteins are dispensable for viral 
replication in at least some cells in culture. A list of the ORFs 
and the functions expressed by the gene products are shown 
in Table 1. The 38 ORFs that cannot be deleted without 
ablating the capacity of the virus to replicate include four 
genes specifying surface glycoproteins, two regulatory pro- 
teins [infected cell proteins no. 4 (ICP4) and no. 27 (1CP27)], 
seven proteins required for the synthesis of viral DNA, 
proteins required for assembly of the capsid, structural 
proteins, and proteins whose functions are not yet known. 
The 45 accessory ORFs, which are not required for viral 
replication in cells in culture, specify 1 1 proteins involved in 
entry, sorting, and exocytosis of virus (glycoproteins C, E, G, 
I, J, K, M; membrane proteins U L 11, U L 20, Ul24, U L 43), 2 
protein kinases (U L 13, U s 3), 2 proteins that preclude host 
response to infection (a47 and yi34.5), 3 regulatory proteins 
(o0, a22, Usl.5), 5 proteins that augment the nucleotide 
triphosphate pool or repair DNA (thymidine kinase, dUT- 
Pase, ribonucleotide reductase, DNase, uracil glycosylase), 1 
protein that causes the degradation of mRNA after infection 
(U L 41), and numerous other proteins whose functions are 
not known (detailed references in ref. 1). 

The Role or Selected Viral Genes in Viral Replication 

The reproductive cycle of HSV has been described in detail 
elsewhere (1). The objective of viral replication is efficient, 
rapid synthesis and dissemination of viral progeny. In the 
process, the infected cell dies. Viral replication consists of a 
series of events very tightly regulated both positively and 
negatively. To accomplish its objectives, the virus brings into 
the newly infected cell several proteins packaged in the virion 
tegument (a layer of proteins located between the capsid and 
the envelope; see ref. 22), whose functions are best described 
as creating the environment for initiation of viral replication). 
One, designated as VP16 or or gene trans-inducing factor 
(otTIF) induces the transcription of o genes by cellular RNA 
pol II and accessory factors, whereas another encoded by Ui.41 
causes the degradation of cytoplasmic RNAs (23-25). The 
major regulatory protein ICP4 made after infection acts both 
negatively by binding to high-affinity sites on viral DNA and 
positively by an as yet unknown mechanism (reviewed in ref. 
1). The hypothesis that ICP4 is directly involved in transcrip- 
tion is based on reports that it binds TATA box-binding protein 
and transcription factor I1B, and on the evidence that after the 
onset of DNA synthesis, it is a component of y-transcriptons — 
nuclear stuctures containing newly synthesized viral DNA, 
RNA polymerase II, ICP22, and a cellular protein known as 
L22 or EAP and that is normally present in nucleoli and 



ribosomes and binds small RNA molecules (ref. 26; R. Leop- 
ardi, P. L. Ward, W. Ogle, and B.R., unpublished work). ICP27 
has multiple functions, but primarily it regulates posttranscrip- 
tional processing of RNA (27). ICP22 also appears to be a 
transcriptional factor; it is required for the expression of the a0 
gene and also of a subset of y genes and is a component of the 
y-transcriptons (ref. 28; R. Leopardi, P. L, Ward, W. Ogle, and 
B.R., unpublished work). Among other proteins that regulate 
the replicalive cycle is U L 13, a protein kinase known to 
mediate the phosphorylation of 1CP0, ICP22, and other pro- 
teins (ref. 28; W. Ogle, K. Carter, and B.R., unpublished work). 
The function of another viral protein kinase, U s 3, is less clear 
(D- 

The functions of yt34.5 and t»47 genes are of particular 
interest. •y ) 34.5 appears to have at least two functions. One 
function of yi34.5 is to preclude the shutof f of protein synthesis 
caused by activation of the protein kinase RNA-dependent 
kinase and, ultimately, by the phosphorylation of the a subunit 
of the translation initiation factor eIF-2 (29). The carboxyl- 
terminal domain of yj34.5 required for this function is homol- 
ogous to the corresponding domain of the mammalian protein 
GADD34 — one of a set of proteins induced in growth arrest 
as a consequence of differentiation, serum deprivation, or 
DNA damage. Human GADD-34, or a chimeric gene consist- 
ing of the amino terminal domain of yi34.5 and the carboxyl 
terminus of GADD-34, effectively replaces the yi34.5 gene in 
the context of the viral genome (30). The second function of 
the yi34.5 enables the virus to multiply efficiently in a number 
of tissues, but particularly in the CNS of experimental animal 
systems (31, 32). The argument that this function of yi34.5 is 
independent of the function of the protein to preclude the 
phosphorylation of eIF-2o is based on the observation that 
viruses carrying GADD-34 in place of y,34.5 are not blocked 
in protein synthesis; they are nevertheless attenuated (32). 

o47 binds the complex of TAP1/2 and thereby precludes the 
transport of peptides for presentation to CD8 + cells (33). 

The Function or Viral Genes in Latency 

To date the only domain of the viral genome shown to be 
expressed during latency maps in the inverted repeats flank- 
ing U L (16). The RNAs described to date consist of two 
populations. The low abundance population arises from an 
8.3-kbp domain. The two abundant RNAs, of 2 and 1.5 kb 
respectively, and known by the acronym LAT, appear to be 
stable introns that accumulate in abundant amounts in nuclei 
of neurons harboring latent virus. Deletion of the upstream 
promoter or of the sequences encoding LATs has little effect 
on the establishment or maintenance of the latent state, but 
reduces the efficiency of latent virus to reactivate (1). LATs 
may be harbingers of neurons capable of reactivating than 
viral products required for establishment of latency. Given 
the multitude of viral accessory genes whose function is to 
render viral replication and dissemination more efficient, the 
notion that the virus depends solely on the cellular factors for 
dissemination seems unlikely. Recent studies have shown 
that the genome domain transcribed during latency contains 
ORF-0 and ORF-P, whose expression is repressed by ICP4, 
inasmuch as mutagenesis of the high-affinity binding site at 
the transcription initiation site of ORF-P led to the dere- 
pression of both genes (12). The virus carrying the dere- 
pressed gene is attenuated in experimental animal systems 
(mice) and underexpresses aO and o22 proteins (34, 45). In 
addition, ORF-P protein colocalizes and binds to a protein 
(p34), which is a component of the SF2/ASF splicing factor 
(45). The role of ORF-P in latency is not known. 
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Genetic Engineering of Novel Viral Genomes 

The two major techniques for construction of novel viruses 
depend on genetic recombination in infected or transfected 
cells. The first technique was based on the observation that 
transfection of cells with intact viral DNA and mutated 
fragment will result in a small fraction of the progeny carrying 
the mutated sequence (20, 21). To specifically select tbis 
population, the procedure first involved the insertion at or near 
the target for deletion by recombination through flanking 
sequences of the viral thymidine kinase as a selectable marker. 
Only the progeny of transfection, which carries the viral 
thymidine kinase gene, would multiply in thymidine kinase 
minus cells overlaid with appropriate medium. In the second 
step, the inserted thymidine kinase was deleted along with 
adjacent target sequences by recombination through flanking 
sequences with a mutated DNA sequence. In this instance, 
only thymidine kinase minus progeny would break through 
efficiently in cells overlaid with medium containing bromou- 
racil deoxyriboside. A minor variant of this technique based on 
gene inactivation by random insertion of the mini-^tu phage 
has the disadvantage in that the mmi-fxu DNA sequence is 
quite large and troublesome to remove (21). 

The second procedure involves transfection of cells with 
overlapping cosmids containing appropriate insertions or de- 
letions. Expression of genes contained in cosmids leads even- 
tually through recombination to the reconstruction of full- 
length viral genomes. This procedure is less efficient, but the 
progeny of transfection need not be subjected to selection for 
the isolation of the desired genotype (35) 

Both procedures suffer from gene rearrangements as a result 
of transfection. To link a specific genotype to the observed 
phenotype, it is essential to determine whether the wild-type 
phenotype is restored by the repair of the deleted sequences 
with a small DNA fragment. It is estimated that as much as 
30% of the recombinants made by the techniques described 
above contain additional mutations detected only after the 
restoration of the missing sequence. 

Requirements and Design of Viral Vectors 

Vectors for delivery of cellular genes to CNS must not express 
viral genes that cause the infected cell to make cytotoxic viral 
proteins or that induce an immune response, which may 
damage the recipient cells. A huge literature describes at- 
tempts to obtain long-term expression of reporter genes in 
experimental animals, particularly mice. A potentially suitable 
vector for this type of application is based on construction of 
defective genomes, i.e., genomes that are unable to replicate in 
the recipient cells. In recent years, two different types of 
defective recombinant viruses have emerged. The first is based 
on defective HSV genomes, which arise spontaneously by 
recombination and are amplified during serial passage at high 
multiplicities (36). The defective genome subunit (the ampli- 
con) consists minimally of the terminal a sequence and an 
origin of viral DNA synthesis. In virions, these unit are 
arranged head-to-tail. HSV-1 amplicons have long been shown 
to express efficiently cellular genes incorporated into them 

(37) . Amplicons do not encode viral proteins and must there- 
fore be supplied with both viral structural proteins and pro- 
teins required for viral DNA synthesis and exocytosis in order 
to be made. In theory, amplicons could accommodate as much 
as 150 kbp of DNA In practice, three problems exist. First, 
until recently, amplicons were contaminated with helper DNA, 
Second, the amounts of amplicons made are not readily 
controllable and the usual yields are several orders of magni- 
tude lower than those of wild-type infectious virus. Third, 
amplicons tend to be unstable on serial passage because the 
smaller the amplicon, the greater is its selective advantage 

(38) . Of these problems, only the first one has been solved, 



since a helper virus incapable of packaging has been con- 
structed (39). A significant potential problem is the rescue of 
the helper virus by recombination with the amplicon, which 
would enable the helper to package. 

The second approach is based on construction of viruses 
lacking essential genes. The essential genes deleted singly or in 
combination include a4, all, all, U L 48 (a gene trans- 
inducing factor or VP16), and U L 41 (40). Deletion of the 
inverted repeats (b'a'c') and of stretches of genes not essential 
for viral replication in cell culture (e.g., U s except for U s 6, o22, 
and a47), and large stretches of U L (U L 2, U L 3, U L 4, U L 10, 
U L 11, U L 43, U L 43.5, U L 45, U L 46, U L 47, U L 55, U L 56) could 
make space for insertion of at least 40 kbp of DNA. By 
necessity, the debilitated recombinant virus must be grown in 
cell lines expressing the deleted viral genes. This type of vector 
also presents several problems. Foremost is that some of the 
selected genes targeted for deletion perform a multiplicity of 
functions. For example, they may be both transactivators and 
repressors, and they normally block the cells from pro- 
grammed cell death triggered by viral gene expression (41). It 
could be predicted therefore that sooner or later the recipient 
cell will cease functioning because of slow but ultimately fatal 
expression of viral genes. Other problems, perhaps more 
readily surmountable, include potential for recombination 
between the defective viral genomes and viral genes resident 
in the cell genome and the stability of the cell lines, In neither 
model is reactivation from latency a problem inasmuch as the 
viruses are unable to replicate. 

Whereas gene therapy may require delivery of therapeutic 
genes to a significant fraction of cells that normally express 
them or could serve as surrogate expressors, cancer therapy 
requires complete destruction of cancer cells. Theoretically, 
for selective destruction of cancer cells, it should be sufficient 
to introduce a defective viral genome expressing a factor that 
is excreted in abundant amounts and toxic only for cancer cells. 
Theory not withstanding, viruses that infect or at least selec- 
tively multiply and destroy tumor cells are likely to have a 
therapeutic advantage. In experimental animal systems several 
genetically engineered viruses appear to have met at least the 
initial requirements for further development (32). The muta- 
tions that render the viruses attenuated fall into three cate- 
gories. The first set encodes enzymes (e.g., thymidine kinase, 
ribonucleotide reductase, etc.) involved in nucleic acid metab- 
olism and that would not be available in neurons but would be 
available to the virus in dividing tumor cells. The second 
category are genes encoding proteins (e.g., Ti34.5), which 
disable the capacity of the virus to replicate in CNS for reasons 
not well understood, as described earlier in the text (reviewed 
in ref. 32). Lastly, deletion of inverted repeats (b'a'c') in itself 
grossly debilitates HSV-1 (42, 43). Irrespective of the set of 
genes involved for attenuation, it will be virtually impossible to 
introduce virus in all cancer cells. As in the case of defective 
viruses, even replicating viruses will have to carry and express 
factors that induce immune response or activate pro-drugs 
selectively in cancer cells. 

The use of recombinant viruses for prophylaxis against viral 
infection requires mutants that are genetically stable, incapa- 
ble of replicating in CNS, incapable of spreading in immuno- 
compromised individuals, unable to reactivate, not transmis- 
sible from immunized individual to contacts, but immunogenic 
and protective against disease caused by subsequent infection. 
A large number of defective viruses have been proposed for 
immunization on the grounds that although they cannot pro- 
duce infectious progeny and fundamentally make proteins only 
in the set of initially infected cells, the presentation to the 
immune system of viral antigens made in these cells is superior 
to that of subunit vaccines (e.g. ref. 44). The central issue is the 
immunogenic mass required for effective immunity and 
whether such a mass could be achieved by progeny of a 
replication-defective virus. Secondary issues are the stability of 
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the cell lines expressing the complementing viral genes, rescue 
of the defective virus by recombination, and qualification of 
transformed ceil lines for administration of virus along with 
cellular DNA to healthy individuals. The construction of 
replicating virus is not less daunting, and parallels in many 
respects the construction of recombinant viruses for cancer 
therapy. 



Development of genetic engineering evolved pari passu with 
our knowledge of viral gene content and function and is at a 
point where, subject to constraints imposed by the size of the 
virion, the construction of virtually any vector is feasible. The 
outstanding issues are not the construction of viral vectors, but 
rather (i) delivery of recombinant viruses to appropriate cells, 
(ii) regulation of expression of the gene carried by the viral 
vector, and (iii) regulatory issues related to qualification of 
continuous cell lines, which express complementing viral genes 
for replication of defective vectors. Theoretically, it should be 



not yet feasible. The problems associated with regulation of 
gene expression are particularly vexing because the available 
size for packaging genes in the viral genome is too small to 
accommodate the genomic versions rather than the cDNA 
version of most cellular genes of interest. As a consequence, 
alternative splicing to produce isofonns of cellular proteins 
and natural regulation of gene expression may not be feasible. 
The third issue arises from the difficulty of purifying virus away 
from cell debris which contains cellular DNA Since only 
continuous cell lines are likely to express stably viral genes 
complementing replication defective viruses, it would be nec- 
essary to define the requirements for the qualification of such 
cell lines for production of viruses intended for human use. 
Considering the progress of the past 10 years, the solution of 
these problems should not be far behind. 
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cot ransf action (ko"trans-fek 'shen) simultaneous transfection of two or more physically unlinked DNA fragments into eukaryotlc 
target cells; generally one of the fragments contains a gene that is easily assayed and acts as a marker. 
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